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A radio communication device includes: a processor con-
figured to execute a program; and a memory configured to
store the program, wherein the processor performs, based on
the program, operations to: detect communication quality of
each of a plurality of channels; and lower a first set modu-
lation level of a first channel with the communication quality
which is equal to or lower than a level and a second set
modulation level of a first adjacent channel as at least one of
two adjacent channels adjacent to the first channel in a
frequency axis direction.
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FIG. 5
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RADIO COMMUNICATION DEVICE, RADIO
COMMUNICATION METHOD, AND RADIO
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2014-
176165, filed on Aug. 29, 2014, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiment discussed herein is related to a radio
communication device, a radio communication method, and
a radio communication system.

BACKGROUND

Between a radio communication device on a transmission
side and a radio communication device on a reception side,
communication using “adaptive modulation” is performed.

A related technique is disclosed in Japanese Laid-open
Patent Publication No. 2011-004118 or Japanese Laid-open
Patent Publication No. 2000-151482.

SUMMARY

According to an aspect of the embodiments, a radio
communication device includes: a processor configured to
execute a program; and a memory configured to store the
program, wherein the processor performs, based on the
program, operations to: detect communication quality of
each of a plurality of channels; and lower a first set modu-
lation level of a first channel with the communication quality
which is equal to or lower than a level and a second set
modulation level of a first adjacent channel as at least one of
two adjacent channels adjacent to the first channel in a
frequency axis direction.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates an exemplary radio communication
system,

FIG. 2 illustrates an exemplary radio communication
device on a transmission side;

FIG. 3 illustrates an exemplary radio communication
device on a reception side;

FIG. 4 illustrates an exemplary quality detection unit;

FIG. 5 illustrates exemplary processing performed by a
radio communication device on a reception side;

FIG. 6 illustrates an exemplary radio communication
device on a reception side;

FIG. 7 illustrates an exemplary calculation unit;

FIG. 8 illustrates exemplary processing performed by a
radio communication device on a reception side;

FIG. 9 illustrates an exemplary radio communication
device on a reception side;

FIG. 10 illustrates an exemplary calculation unit;

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 11 illustrates exemplary processing performed by a
radio communication device; and

FIG. 12 illustrates an exemplary hardware configuration
of a radio communication device.

DESCRIPTION OF EMBODIMENTS

For example, a set modulation level applied to commu-
nication is switched in accordance with the communication
quality. Accordingly, communication throughput may be
improved.

Between a radio communication device on a transmission
side and a radio communication device on a reception side,
communication using a plurality of channels such as fre-
quency bands is performed, and adaptive modulation is
performed independently for each channel.

When the frequency position where frequency selective
fading occurs moves at a high speed across the channels,
with adaptive modulation independent for each channel, the
move of the occurrence frequency position may not be
followed. Accordingly, the error rate may be increased,
whereby the quality of the transmission signals may be
lowered.

In embodiments described below, structures having sub-
stantially the same or similar functions are denoted by the
same reference numerals and overlapping description
thereof may be omitted or reduced. Substantially the same or
similar processing is denoted by the same reference symbols
and overlapping description thereof may be omitted or
reduced.

FIG. 1 illustrates an exemplary radio communication
system. In FIG. 1, a radio communication system 1 includes
a radio communication device 10 and a radio communica-
tion device 30. The radio communication device 10 may be
a radio communication device on a transmission side trans-
mitting a data signal, and the radio communication device 30
may be a radio communication device on a reception side
receiving the data signal transmitted from the radio com-
munication device 10. The radio communication device 10
and the radio communication device 30 may be, for
example, backbone devices such as base station devices or
relay station devices. The radio communication device 10
and the radio communication device 30 are able to commu-
nicate with each other with a plurality of channels such as
frequency bands, and communicate using a modulation
scheme of the modulation level set for each channel.

The radio communication device 30 detects the commu-
nication quality of each channel. The radio communication
device 30 performs “switching control” based on the
detected communication quality of each channel. For
example, under the “switching control”, the radio commu-
nication device 30 lowers the set modulation level of a
channel of which the detected communication quality has
been lowered to a certain level or lower (hereinafter, may be
referred to as a “quality degraded channel”). Under the
“switching control”, the radio communication device 30
lowers the modulation level of at least one of two adjacent
channels that are adjacent to the quality degraded channel in
the frequency direction. For example, the modulation levels
of both of the adjacent channels may be lowered, or the
modulation level of one of the adjacent channels may be
lowered.

For example, the radio communication device 30 gener-
ates a “switching control signal” including identification
information of a switching target channel of which the
modulation level is to be lowered, information indicating the
modulation level after being lowered, and information indi-
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cating the switching timing such as information indicating a
switching start frame. The radio communication device 30
forwards the generated switching control signal to a
demodulation unit thereof and transmits the generated
switching control signal to the radio communication device
10.

At a switching timing indicated by the switching control
signal transmitted from the radio communication device 30,
the radio communication device 10 switches the modulation
scheme of the channel indicated by the switching control
signal to the modulation scheme of the modulation level
indicated by the switching control signal. At a timing
substantially the same as that, switching of modulation
schemes may be performed for the same channel also in the
demodulation unit of the radio communication device 30.

As described above, the radio communication device 30
performs switching control that lowers the set modulation
levels of the quality degraded channel of which the com-
munication quality has been degraded to a certain level or
lower and the channels adjacent to the quality degraded
channel. Accordingly, even when the frequency position
where frequency selective fading occurs moves at a high
speed, adaptive modulation may follow the move. Quality
degradation of the transmission signals may be reduced even
under high speed moving fading environment.

FIG. 2 illustrates an exemplary radio communication
device on a transmission side. In FIG. 2, the radio commu-
nication device 10 includes transmission units 11-1 to 11-7,
a pseudo random noise (PN) pattern signal output unit 12,
and a reception unit 13. For example, in correspondence
with the number of seven channels, seven transmission units
11 may be provided. The number of channels may be any
other number.

The transmission units 11-1 to 11-7 correspond to chan-
nels 1 to 7 respectively. Each transmission unit 11 includes
a transmission processing unit 15 that includes an encoding
unit 16 and a modulation unit 17 and a radio transmission
unit 18.

The transmission processing unit 15 performs transmis-
sion processing on input transmission data or a PN pattern
signal and outputs a signal thus obtained to the radio
transmission unit 18. The transmission processing may
include encoding processing performed by the encoding unit
16 and modulation processing performed by the modulation
unit 17. The modulation unit 17 switches modulation
schemes for example, set modulation levels based on the
“switching control signal” transmitted from the radio com-
munication device 30. The PN pattern signal may be a
known pattern signal.

The radio transmission unit 18 performs predetermined
radio transmission processing such as digital-analog con-
version or up-converting on the signal output from the
transmission processing unit 15 and transmits the radio
signal thus obtained via an antenna.

The reception unit 13 includes a radio reception unit 19,
a reception processing unit 20, and an extraction unit 21.

The radio reception unit 19 performs radio reception
processing such as down-converting or analog-digital con-
version on the signal received via the antenna and outputs
the signal thus obtained to the reception processing unit 20.

The reception processing unit 20 performs reception
processing such as demodulation and decoding on the signal
received from the radio reception unit 19 and outputs the
reception data thus obtained to the extraction unit 21.

The extraction unit 21 extracts the “switching control
signal” described above from the reception data received
from the reception processing unit 20. The extraction unit 21
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outputs the switching control signal thus extracted to the
modulation unit 17 of the transmission unit 11 correspond-
ing to the switching target channel indicated by the switch-
ing control signal. With this, the modulation unit 17 having
received the switching control signal switches modulation
schemes at the switching timing indicated by the switching
control signal.

FIG. 3 illustrates an exemplary radio communication
device on a reception side. In FIG. 3, the radio communi-
cation device 30 includes reception units 31-1 to 31-7, a
quality detection unit 32, a switching control unit 33, and a
transmission unit 34. For example, in correspondence with
the number of seven channels, seven reception units 13 may
be provided. The number of channels may be any other
number.

The reception units 31-1 to 31-7 correspond to the chan-
nels 1 to 7 respectively. Each reception unit 31 includes a
radio reception unit 35 and a reception processing unit 36
that includes a demodulation unit 37, an equalization unit
38, and a decoding unit 39.

The radio reception unit 35 performs radio reception
processing such as down-converting or analog-digital con-
version on the signal received via the antenna and outputs
the signal thus obtained to the reception processing unit 36.

The reception processing unit 36 performs reception
processing on the signal received from the radio reception
unit 35 to obtain reception data. The reception processing
may include demodulation processing performed by the
demodulation unit 37, equalization processing performed by
the equalization unit 38, and decoding processing performed
by the decoding unit 39. The demodulation unit 37 switches
demodulation schemes such as set modulation levels based
on the “switching control signal” output from the switching
control unit 33. The equalization unit 38 may be a transver-
sal equalizer (TRV), for example.

The quality detection unit 32 detects the communication
quality of the channel based on a signal component included
in the reception data obtained by the reception processing
unit 36 and corresponding to the PN pattern signal (herein-
after, may be referred to as a “reception PN pattern signal”)
and a replica signal of the PN pattern signal. The detection
of the communication quality may be performed for each
channel. The replica signal of the PN pattern signal may be
retained in advance in the quality detection unit 32.

FIG. 4 illustrates an exemplary quality detection unit. For
example, the quality detection unit 32 includes an extraction
unit 45, a bit error detection unit 46, and a quality calculation
unit 47, as illustrated in FIG. 4.

The extraction unit 45 extracts the reception PN pattern
signal from the reception data obtained by the reception
processing unit 36 and outputs the reception PN pattern
signal thus extracted to the bit error detection unit 46.

The bit error detection unit 46 compares the reception PN
pattern signal received from the extraction unit 45 and the
replica signal of the PN pattern signal to detect a reception
error, for example, a bit error.

The quality calculation unit 47 counts the number of
reception errors in each determination period for each chan-
nel. The quality calculation unit 47 detects the channel of
which the number of reception errors in the determination
period exceeds a determination threshold such as a quality
degraded channel and outputs identification information of
the quality degraded channel thus detected to the switching
control unit 33.

The switching control unit 33 illustrated in FIG. 3 deter-
mines the quality degraded channel indicated by the iden-
tification information received from the quality calculation
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unit 47 and at least one of the two adjacent channels that are
adjacent to the quality degraded channel in the frequency
direction to be the switching target channels. The switching
control unit 33 generates the “switching control signal”
including identification information of the switching target
channels, information indicating the modulation level after
being lowered, and information indicating the switching
timing. The switching control unit 33 outputs the switching
control signal thus generated to the demodulation unit 37
and the transmission unit 34. The set modulation levels of
the quality degraded channel and the adjacent channel being
the switching targets may be switched to be substantially the
same or may be switched to be different. In the case where
the set modulation levels are switched to be different, the set
modulation level of the quality degraded channel being the
switching target may be lowered to a first value and the set
modulation level of the adjacent channel being the switching
target may be lowered to a second value higher than the first
value.

The transmission unit 34 includes a transmission process-
ing unit 40 and a radio transmission unit 41.

The transmission processing unit 40 performs transmis-
sion processing such as encoding and modulation on the
switching control signal received from the switching control
unit 33 and outputs the transmission signal thus obtained to
the radio transmission unit 41.

The radio transmission unit 41 performs radio transmis-
sion processing such as digital-analog conversion or up-
converting on the transmission signal output from the trans-
mission processing unit 40 and transmits the radio signal
thus obtained via the antenna.

FIG. 5 illustrates exemplary processing performed by a
radio communication device on a reception side. The radio
communication device on a reception side illustrated in FIG.
3 may perform the processing illustrated in FIG. 5. The
processing illustrated in FIG. 5 may be performed for each
determination period described above.

The quality detection unit 32 detects the communication
quality of each channel based on the signal received from the
reception processing unit 36 corresponding to each channel
(operation S101).

The quality detection unit 32 determines whether a quality
degraded channel is present or not based on the communi-
cation quality of each channel thus detected (operation
S102). For example, the quality detection unit 32 determines
whether a channel is present or not of which the detected
communication quality has been lowered to a certain level or
lower.

When a quality degraded channel is present (Yes at
operation S102), the switching control unit 33 determines a
switching target channel (operation S103). For example, the
switching control unit 33 determines the quality degraded
channel and at least one of the two adjacent channels that are
adjacent to the quality degraded channel in the frequency
direction to be the switching target channels.

The switching control unit 33 determines a modulation
level after switching of the switching target channel (opera-
tion S104) and determines a switching timing (operation
S105).

The switching control unit 33 generates a switching
control signal including information determined by opera-
tions S103 to S105 (operation S106).

The switching control unit 33 outputs the switching
control signal thus generated to the demodulation unit 37
and the transmission unit 34 (operation S107).

In the radio communication device 30, the quality detec-
tion unit 32 detects the communication quality of each
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channel. The switching control unit 33 performs the “switch-
ing control” that lowers the set modulation level of the
quality degraded channel of which the communication qual-
ity detected by the quality detection unit 32 has been
lowered to a certain level or lower and the set modulation
level of at least one of the two adjacent channels that are
adjacent to the quality degraded channel in the frequency
axis direction.

In the radio communication device 30, the quality
degraded channel of which the communication quality has
been degraded to a certain level or lower and the set
modulation levels of the channels adjacent to the quality
degraded channel are lowered, and accordingly, even when
the frequency position where frequency selective fading
occurs moves at a high speed, adaptive modulation may
follow the move. Quality degradation of the transmission
signals may be reduced even under high speed moving
fading environment.

The moving direction of the position of a notch that
occurs in the quality degraded channel may be calculated
and the modulation level of the adjacent channel present in
the calculated moving direction may be lowered.

FIG. 6 illustrates an exemplary radio communication
device on a reception side. In FIG. 6, a radio communication
device 130 includes a calculation unit 131 and a switching
control unit 132.

The calculation unit 131 calculates the moving direction
of the frequency position of the notch in each channel. The
calculation unit 131 outputs the moving direction calculated
for each channel to the switching control unit 132.

For example, the calculation unit 131 acquires a “tap
coefficient group” from the equalization unit 38 of the
reception unit 31 corresponding to each channel for each
calculation timing (calculation period). The calculation unit
131 calculates (identifies) the frequency position of the
notch occurrence based on the “tap coefficient group” for
each channel. The calculation unit 131 calculates (identifies)
the moving direction of the frequency position of the notch
based on the frequency position of the notch occurrence
calculated at the previous calculation timing and the fre-
quency position of the notch occurrence calculated at this
calculation timing for each channel.

FIG. 7 illustrates an exemplary calculation unit. For
example, the calculation unit 131 includes notch position
calculation units 141-1 to 141-7 and calculation processing
units 142-1 to 142-7, as illustrated in FIG. 7. Each notch
position calculation unit 141 includes Fourier transforma-
tion units 145-1 to 145-N, a combining unit 146, and a peak
position identification unit 147.

The notch position calculation units 141-1 to 141-7 may
correspond to the channels 1 to 7, respectively. For example,
in the notch position calculation unit 141-1, the Fourier
transformation units 145-1 to 145-N may correspond to tap
coefficients 1 to N of the equalization unit 38 of the
reception unit 31-1 of the channel 1, respectively. Each
Fourier transformation unit 145 performs Fourier transfor-
mation of time fluctuation of a tap coefficient value acquired
at the calculation timing and outputs the result thus obtained
to the combining unit 146. The combining unit 146 com-
bines (adds) the result obtained by each of the Fourier
transformation units 145-1 to 145-N and outputs the result
thus obtained to the peak position identification unit 147.
The peak position identification unit 147 identifies (calcu-
lates) the frequency position where a peak appears in the
combined result received from the combining unit 146.

With the tap coefficient group of the equalization unit 38
undergoing Fourier transformation, the filter characteristic
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of the equalization unit 38 is calculated. When the notch
occurs, with the filter characteristic of the equalization unit
38, a peak appears in the frequency position of the notch
occurrence so as to compensate for the notch. With the peak
frequency position of the filter characteristic identified, the
frequency position of the notch occurrence is identified.

The calculation processing units 142-1 to 142-7 may
correspond to the channels 1 to 7, respectively. For example,
the calculation processing unit 142-1 calculates (identifies)
the moving direction of the frequency position of the notch
occurrence based on the frequency position of the notch
occurrence calculated at the previous calculation timing and
the frequency position of the notch occurrence calculated at
this calculation timing by the notch position calculation unit
141-1.

Similarly to the switching control unit 33 illustrated in
FIG. 3, the switching control unit 132 illustrated in FIG. 6
first determines the quality degraded channel indicated by
the identification information received from the quality
calculation unit 47 to be a switching target channel. The
switching control unit 132 determines the channel adjacent
to the quality degraded channel and present in the moving
direction calculated by the calculation processing unit 142
that corresponds to the quality degraded channel to be
another switching target channel. The switching control unit
132 generates a “switching control signal” including iden-
tification information of the switching target channel, infor-
mation indicating the modulation level after being lowered,
and information indicating the switching timing. The
switching control unit 132 outputs the switching control
signal thus generated to the demodulation unit 37 and the
transmission unit 34. The set modulation levels of the
quality degraded channel and the adjacent channel being the
switching targets may be switched to be the same or may be
switched to be different. In the case where the set modula-
tion levels are switched to be different, the set modulation
level of the quality degraded channel being the switching
target may be lowered to a first value and the set modulation
level of the adjacent channel being the switching target may
be lowered to a second value higher than the first value.

FIG. 8 illustrates exemplary processing performed by a
radio communication device on a reception side. The radio
communication device on a reception side illustrated in FIG.
6 may perform the processing illustrated in FIG. 8. The
processing illustrated in FIG. 8 may be performed for each
determination period.

When a quality degraded channel is present (Yes at
operation S102), the switching control unit 132 acquires
information related to the moving direction calculated by the
calculation processing unit 142 corresponding to the quality
degraded channel (operation S201).

The switching control unit 132 determines the switching
target channel (operation S202). For example, the switching
control unit 132 determines the quality degraded channel to
be the switching target channel. The switching control unit
132 determines the channel adjacent to the quality degraded
channel and present in the moving direction indicated by the
information acquired by operation S201 to be the switching
target channel.

The switching control unit 132 performs the “switching
control” that lowers the modulation level of the quality
degraded channel and the modulation level of the channel
adjacent to the quality degraded channel that is present in the
moving direction of the frequency position of the notch
occurred in the quality degraded channel, which has been
calculated by the calculation unit 131.
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In the radio communication device 130, not only the set
modulation level of the quality degraded channel of which
the communication quality has been degraded to a certain
level or lower but also the set modulation level of the
channel adjacent to the quality degraded channel that is
present in the moving direction of the frequency position
where frequency selective fading occurs may be lowered.
Accordingly, even when the frequency position where fre-
quency selective fading occurs moves at a high speed,
adaptive modulation may follow the move with high accu-
racy. Quality degradation of the transmission signals may be
reduced even under high speed moving fading environment.

For example, the moving direction of the position of the
notch occurrence in the quality degraded channel may be
calculated and the modulation level of an adjacent channel
present in the calculated moving direction may be lowered.
The moving speed of the frequency position of the notch
occurrence in the quality degraded channel is calculated, and
when the calculated moving speed is equal to or higher than
the threshold, the set modulation levels of an adjacent
channel present in the calculated moving direction and a
channel adjacent to the adjacent channel are lowered. For
example, the number of the switching target channels may
be changed in accordance with the moving speed of the
notch frequency position.

FIG. 9 illustrates an exemplary radio communication
device on a reception side. In FIG. 9, the radio communi-
cation device 230 includes a calculation unit 231 and a
switching control unit 232.

The calculation unit 231 calculates the moving direction
and the moving speed of the frequency position of the notch
in each channel. The calculation unit 231 outputs the moving
direction and the moving speed calculated for each channel
to the switching control unit 232.

For example, the calculation unit 231 acquires a “tap
coefficient group” from the equalization unit 38 of the
reception unit 31 corresponding to each channel for each
calculation timing (calculation period). The calculation unit
231 calculates (identifies) the frequency position of the
notch occurrence based on the “tap coefficient group” for
each channel. The calculation unit 231 calculates (identifies)
the moving direction and the moving speed of the frequency
position of the notch using the frequency position of the
notch occurrence calculated at the previous calculation
timing and the frequency position of the notch occurrence
calculated at this calculation timing for each channel.

FIG. 10 illustrates an exemplary calculation unit. As
illustrated in FIG. 10, the calculation unit 231 includes
calculation processing units 241-1 to 241-7.

The calculation processing units 241-1 to 241-7 may
correspond to the channels 1 to 7. For example, the calcu-
lation processing unit 241-1 calculates (identifies) the mov-
ing direction of the frequency position of the notch based on
the frequency position of the notch occurrence calculated by
the notch position calculation unit 141-1 at the previous
calculation timing and the frequency position of the notch
occurrence calculated at this calculation timing. The calcu-
lation processing unit 241-1 calculates the difference
between the frequency position of the notch occurrence
calculated by the notch position calculation unit 141-1 at the
previous calculation timing and the frequency position of the
notch occurrence calculated at this calculation timing, such
as the moving distance. The calculation processing unit
241-1 divides the calculated moving distance by the time
difference between the previous calculation timing and this
calculation timing, thereby calculating the moving speed.
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The switching control unit 232 illustrated in FIG. 9 may
perform the “switching control” similar to that performed by
the switching control unit 132 illustrated in FIG. 6 when the
moving speed is lower than the threshold. For example, the
switching control unit 232 performs “switching control” that
lowers the modulation level of the quality degraded channel
and the modulation level of the channel adjacent to the
quality degraded channel present in the moving direction of
the frequency position where the notch occurs in the quality
degraded channel, which has been calculated by the calcu-
lation unit 231.

When the moving speed is equal to or higher than the
threshold, the switching control unit 232 lowers the set
modulation level of a channel adjacent to the adjacent
channel. The set modulation levels of the adjacent channel
and the channel adjacent to the adjacent channel being the
switching targets may be switched to be the same and may
be switched to be different. In the case where the set
modulation levels are switched to be different, the set
modulation level of the adjacent channel being the switching
target may be lowered to a second value and the set
modulation level of the channel adjacent to the adjacent
channel being the switching target may be lowered to a third
value higher than the second value. For example, the set
modulation level of a channel closer to the quality degraded
channel in the frequency axis direction may be made lower.

FIG. 11 illustrates exemplary processing performed by a
radio communication device on a reception side. The radio
communication device on a reception side illustrated in FIG.
9 may perform the processing illustrated in FIG. 11. Pro-
cessing in the flow chart illustrated in FIG. 11 may be
performed for each determination period.

When a quality degraded channel is present (Yes at
operation S102), the switching control unit 232 acquires
information related to the moving direction and the moving
speed calculated by the calculation processing unit 241
corresponding to the quality degraded channel (operation
S301).

The switching control unit 232 determines whether the
moving speed indicated by the information thus acquired is
equal to or higher than the threshold (operation S302).

When the moving speed is equal to or higher than the
threshold (Yes at operation S302), the switching control unit
232 determines the switching target channel (operation
S303). For example, the switching control unit 232 deter-
mines the quality degraded channel, the adjacent channel
present in the moving direction of the frequency position of
the notch occurrence in the quality degraded channel, which
has been calculated by the calculation unit 231, and the
channel adjacent to the adjacent channel to be the switching
target channels.

The switching control unit 232 determines the modulation
level after switching of the switching target channels (opera-
tion S304). For example, the switching control unit 232 may
lower the set modulation level of the quality degraded
channel to a first value, lower the set modulation level of the
adjacent channel to a second value higher than the first
value, and lower the set modulation level of the channel
adjacent to the adjacent channel to a third value higher than
the second value. When the moving speed is lower than the
threshold (No at operation S302), the switching control unit
232 performs operation S202 and operation S104.

In the radio communication device 230, when the moving
speed of the frequency position of the notch occurrence in
the quality degraded channel is equal to or higher than the
threshold, the switching control unit 232 determines the
quality degraded channel, the adjacent channel present in the
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moving direction of the frequency position of the notch
occurrence in the quality degraded channel, which has been
calculated by the calculation unit 231, and the channel
adjacent to the adjacent channel to be the switching target
channels.

In the radio communication device 230, when the moving
speed of the notch frequency position is high, not only the
set modulation levels of the quality degraded channel and
the adjacent channel but also the set modulation level of the
channel adjacent to the adjacent channel may be lowered.
Accordingly, even when the frequency position where fre-
quency selective fading occurs moves at a high speed,
adaptive modulation may follow the move with high accu-
racy. Quality degradation of the transmission signals may be
reduced even under high speed moving fading environment.

The switching control unit 232 lowers the set modulation
level of the adjacent channel to the second value and lowers
the set modulation level of the channel adjacent to the
adjacent channel to the third value higher than the second
value.

In the radio communication device 230, the farther from
the quality degraded channel, the smaller the amount of the
lowered set modulation level is set. Accordingly, excessive
lowering of the set modulation level of a channel having
time until frequency selective fading occurs may be reduced.

The communication quality of the channels may be
detected based on the PN pattern signal. For example, the
communication quality of the channels may be detected
based on the distribution on the constellation of the recep-
tion signal points when the signal transmitted from the radio
communication device on a transmission side is received by
the radio communication device on a reception side, for
example.

All or any part of various elements in each of the units
described above may be distributed/integrated functionally
or physically in any units in accordance with various loads,
use conditions, and other factors.

All parts or any part of various processing functions
performed in each device may be performed on a central
processing unit (CPU) or a microcomputer such as a micro
processing unit (MPU) and a micro controller unit (MCU).
All parts or any part of various processing functions may be
performed on a program analyzed and executed by a CPU or
a microcomputer such as an MPU, and a MCU, or on
hardware by wired logic.

The radio communication devices described above may
include a hardware configuration as described below, for
example.

FIG. 12 illustrates an exemplary hardware configuration
of a radio communication device. As illustrated in FIG. 12,
the radio communication device 300 includes a radio fre-
quency (RF) circuit 301, a processor 302, and a memory
303. The processor 302 may be a CPU, a digital signal
processor (DSP), or a field programmable gate array
(FPGA), and so on. The memory 303 may be a random
access memory (RAM) such as a synchronous dynamic
random access memory (SDRAM), a read only memory
(ROM), or a flash memory. Each of the radio communication
devices 10, 30, 130, and 230 may include the configuration
illustrated in FIG. 12.

Various processing functions performed in the radio com-
munication devices described above may be implemented by
executing, by a processor, programs stored in various memo-
ries such as non-volatile storage media. For example, the
memory 303 may store therein programs corresponding to
processing performed by the PN pattern signal output unit
12, the transmission processing unit 15, the reception pro-
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cessing unit 20, and the extraction unit 21, and the processor
302 may perform each of the programs. The memory 303
may store therein programs corresponding to processing
performed by the quality detection unit 32, the switching
control units 33, 132, 232, the reception processing unit 36,
the transmission processing unit 40, and the calculation units
131 and 231, and the processor 302 may perform each of the
programs. The radio transmission unit 18 and the radio
reception unit 19 may be implemented by the RF circuit 301.
The radio reception unit 35 and the radio transmission unit
41 may be implemented by the RF circuit 301.

Various processing functions performed by the radio
communication devices may be performed by the processor
302, and may be performed by a plurality of processors.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. A radio communication device comprising:

a processor configured to execute a program; and

a memory configured to store the program,

wherein the processor performs, based on the program,

operations to:

detect communication quality of each of a plurality of

channels; and

lower a first set modulation level of a first channel with

the communication quality which is equal to or lower
than a level and a second set modulation level of a first
adjacent channel which corresponds to one of two
adjacent channels adjacent to the first channel in a
frequency axis direction.

2. The radio communication device according to claim 1,
wherein the processor detects the communication quality
based on a PN pattern signal included in reception data.

3. The radio communication device according to claim 1,
wherein the processor calculates a moving direction of a
frequency position of a notch occurred in the first channel
and lowers the second set modulation level of an adjacent
channel present in the moving direction as the first adjacent
channel.

4. The radio communication device according to claim 3,
wherein the processor acquires the moving direction based
on a first frequency position of the notch calculated at a first
calculation timing and a second frequency position of the
notch calculated at a second calculation timing.

5. The radio communication device according to claim 1,
wherein the processor calculates a moving direction and a
moving speed of a frequency position of a notch occurred in
the first channel, lowers the second set modulation level of
an adjacent channel present in the moving direction as the
first adjacent channel, and determines whether or not to
lower a third set modulation level of a second adjacent
channel adjacent to the first adjacent channel based on the
moving speed.

6. The radio communication device according to claim 5,
wherein the processor lowers the third set modulation level
of the second adjacent channel when the calculated moving
speed is equal to or higher than a threshold.
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7. The radio communication device according to claim 1,
wherein the processor lowers the first set modulation level of
the first channel to a first value and lowers the second set
modulation level of the first adjacent channel to a second
value higher than the first value.

8. A radio communication method comprising:

detecting communication quality of each of a plurality of
channels; and

lowering, by a processor, a first set modulation level of a
first channel with the communication quality which is
equal to or lower than a level and a second set modu-
lation level of a first adjacent channel which corre-
sponds to one of two adjacent channels adjacent to the
first channel in a frequency axis direction.

9. The radio communication method according to claim 8,
wherein the detecting is performed based on a PN pattern
signal included in reception data.

10. The radio communication method according to claim
8, further comprising:

calculating a moving direction of a frequency position of
a notch occurred in the first channel; and

lowering the second set modulation level of an adjacent
channel present in the moving direction as the first
adjacent channel.

11. The radio communication method according to claim

10, further comprising:

acquiring the moving direction based on a first frequency
position of the notch calculated at a first calculation
timing and a second frequency position of the notch
calculated at a second calculation timing.

12. The radio communication method according to claim

8, further comprising:

calculating a moving direction and a moving speed of a
frequency position of a notch occurred in the first
channel; and

lowering the second set modulation level of an adjacent
channel present in the moving direction as the first
adjacent channel; and

determining whether or not to lower a third set modula-
tion level of a second adjacent channel adjacent to the
first adjacent channel based on the moving speed.

13. The radio communication method according to claim
12, wherein the third set modulation level is preformed when
the calculated moving speed is equal to or higher than a
threshold.

14. The radio communication method according to claim
8, the first set modulation level is lowered to a first value and
the second set modulation level is lowered to a second value
higher than the first value.

15. A radio communication system comprising:

a second radio communication device on a reception side
communicable with a first radio communication device
on a transmission side via a plurality of channels,

wherein the second radio communication device:

detects communication quality of each of the plurality of
channels; and

lowers a first set modulation level of a first channel with
the communication quality which is equal to or lower
than a level and a second set modulation level of a first
adjacent channel which corresponds to one of two
adjacent channels adjacent to the first channel in the
frequency axis direction.

16. The radio communication system according to claim
15, wherein the second radio communication device detects
the communication quality based on a PN pattern signal
included in reception data.
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17. The radio communication system according to claim
15, wherein the second radio communication device calcu-
lates a moving direction of a frequency position of a notch
occurred in the first channel and lowers the second set
modulation level of an adjacent channel present in the
moving direction as the first adjacent channel.

18. The radio communication system according to claim
17, wherein the second radio communication device
acquires the moving direction based on a first frequency
position of the notch calculated at a first calculation timing
and a second frequency position of the notch calculated at a
second calculation timing.

19. The radio communication system according to claim
15, wherein the second radio communication device calcu-
lates a moving direction and a moving speed of a frequency
position of a notch occurred in the first channel, lowers the
second set modulation level of an adjacent channel present
in the moving direction as the first adjacent channel, and
determines whether or not to lower a third set modulation
level of a second adjacent channel adjacent to the first
adjacent channel based on the moving speed.

20. The radio communication system according to claim
15, wherein the second radio communication device lowers
the first set modulation level of the first channel to a first
value and lowers the second set modulation level of the first
adjacent channel to a second value higher than the first
value.
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